Background: Walking endurance is a predictor of healthy ageing. Objective: To examine if a 6-month brisk walking program can increase walking endurance in sedentary and physically deconditioned older women. Trial design: Randomized controlled trial. Setting: Women recruited from public meetings aimed at promoting physical activity in women aged 60 or older. Subjects: 121 women aged 65.7 ± 4.3 years, with sedentary lifestyle (Physical Activity Questionnaire for the Elderly score < 9.4), and a 6-minute walking distance (6MWD) below normal value based on their gender, age, and body weight, and weight. Methods: Women were randomly assigned to a 150 min/week brisk walking program (two supervised sessions and one session on their own per week) for six months (exercisers) (n=61) or a control group with physical activity allowed freely (n=60). Outcome: The primary outcome was relative change in 6MWD. Results: 54/61 exercisers and 55/60 control subjects completed the program and data analysis was possible for 51 exercisers and 47 controls. At baseline, 6MWD was on average 23.1% and 22.5% below age-matched norms in exercisers and controls, respectively. Attendance rate for supervised sessions was 92% in exercisers. The 6MWD increased more significantly in exercisers than in controls (mean increase of 41.5% vs 11.0 %; p<0.0001). Over the 6-month program, 38 exercisers (74.5%) vs 5 controls (10.6%) had a 6MWD over the age-matched norm (p<0.0001). Exercisers with the highest tertile of 6MWD improvement (>46%) were those with baseline lowest values of 6MWD (p=0.001) and highest values of body mass index (BMI) (p<0.01). Conclusion: Present results support recommendation that brisk walking programs should be encouraged to improve walking endurance in physically deconditioned women aged 60 or older, especially in those with high BMI.
Introduction
Low walking endurance is associated with cardiovascular morbidity, low functional status, and dependence in older women (1, 2) . Physical activity guidelines recommend that adults should exercise with moderate-intensity aerobic physical activity to improve their exercise endurance and prevent chronic diseases (3) . Unfortunately, more than two third of postmenopausal women engage in less physical activity than recommended (4, 5).
Brisk walking is the main example of moderate-intensity activity recommended in guidelines (3) . Brisk walking in particular may be a convenient activity to circumvent barriers to exercise in older adults since it can be performed in the individual's proximity zone, it requires minimal formal training and equipment, and it can be performed at a variety of intensities, either alone or in a group.
Brisk walking interventions seem to elicit only a small beneficial effect on exercise endurance in adults in whom intensity, adherence, and duration of the training program is low, such as in obese subjects, in those with chronic diseases, and in women with high attrition rates due to overuse injuries (6) (7) (8) (9) (10) . Few randomized studies have evaluated the effects of brisk walking programs on walking endurance in sedentary and physically deconditioned women aged 60 years or over, and participants characteristics that may influence effectiveness of brisk walking programs in this subgroup of subjects are not well known (11) .
We conducted a randomised controlled trial to examine the effect and the predictors of effectiveness on walking endurance of a 6-month brisk walking program in women aged 60 years or older with documented sedentary lifestyle and physical deconditioning. 
Methods

Ethics and approval
Participants
The full protocol for the trial has been reported previously (12) (13) (14) (15) . Participants were recruited in 2013-2014 via advertisements published in newspapers. Recruitment advertisements included the purpose of the study, age and gender restrictions (women aged 60 years or older), and the fact that the intervention was provided at no cost to participants. Women interested by the study were invited to attend meetings aimed at promoting physical activity and to get additional information regarding the design of the study, qualifications for eligibility, benefits, time commitment, IRB protocol number, and approval details. Women were enrolled in the study if they had no incapacitating chronic disease or contraindications to exercise, according to their physician's opinion, a body mass index (BMI) ≤ 30 kg/m², if they had a sedentary lifestyle [Physical Activity Questionnaire for the Elderly (PAQE) score < 9.4] (16) and they were physically deconditioned [if their 6-minute walking distance (6MWD) was below a normal value, calculated based on their gender, age, and body weight, and weight] (17).
Sample size
According to the study of Enright et al., the mean 6-min walk distance (6MWD) in a population of 2,281 adults ≥ 68 years old was 344 ± 88 m (18) . Based on the results of previous randomized controlled trials (11) , we estimated an expected improvement in the exercise group of 15% when compared to control group. To detect a difference between groups of 51.6 ± 88 m, a power of 80% and an alpha error of 5% under a bilateral hypothesis (2-sided test), the sample size required was 47 subjects by group. The rate of lost to follow-up was estimated to 5%. The estimated number of participants to include in the study was 50 in each group.
Interventions
The exercise intervention consisted of 50 minutes of moderate-intensity exercise three days per week for six months. Subjects attended two sessions per week at 2 p.m., supervised by a trained exercise leader of the FFEPGV, in groups of 10 to 12, and one session per week on their own, with the same program as the previous supervised session, performed at the most convenient moment for each participant. The walking training, conducted in a city park, began with a target of 40% of maximal heart rate and gradually increased to a target of 60% to 80% of maximal heart rate, at which point it was maintained for the duration of the study. The maximal heart rate was calculated using Tanaka's equation [208 -(0.7 x age)].
Participants wore heart rate monitors (Polar Electro Inc, Woodbury, NY) during all supervised and unsupervised exercise sessions. Distance walked, duration, and mean heart rate were recorded during supervised sessions only. Physical activity was allowed freely in women randomly assigned to the control group. During the study, exercisers and control participants were asked to maintain their usual diet without any measurement of food intake during the program.
Outcomes
The primary outcome was change in 6MWD in exercisers and controls. We assessed the 6MWD at baseline and after 6 months, according to a previously published protocol (12) (13) (14) (15) 19) . Women wearing comfortable clothes and shoes were asked to walk back and forth as far as possible for 6 minutes on a flat and hard surface in a 30-meter hallway. The turnaround point was indicated with a cone and the starting line, corresponding to the beginning and the end of each 60-meter lap, was marked on the floor using brightly coloured tape.
The following parameters were measured in both intervention and control groups at baseline and after 6 months: 1) Body height using a stadiometer; 2) Body weight using a balance-beam scale [Coefficients of variation (CV) of replicate measures of height and weight of 0.3% and 0.05%, respectively]; 3) Total lean body mass (excluding bone mineral content) and fat mass, using DXA (Hologic QDR-4500A, Hologic, Inc., Waltham, MA)(CV <3% for whole body fat and lean mass); 4) Maximum grip strength using the JAMAR dynamometer (Smith and Nephew, Memphis, TN)(CV<10%); 5) Physical activity by using the French version of the PAQE [16] ; 5) Exercisers were questioned at the beginning and end of every supervised session regarding possible adverse effects of the program. All measurements were performed by a technician blinded to the participants' group randomization.
Randomization
Eligible patients were randomly assigned with a ratio 1:1 to intervention or control groups. The randomization list was computed in random-size blocks using Statistical Analysis System (SAS) software and group assignment was placed in a sealed envelope which was opened by the study coordinator at the time of randomization.
Statistical Analyses
Intervention and control groups were described using frequencies and percentages for categorical variables and means and standard deviation (SD) for quantitative variables.
The main and secondary outcomes, corresponding to relative variation over the 6-months program [(value after 6-month follow-up -baseline value)/ baseline value) x100] were assessed using Student or Mann-Whitney test according to data distribution. A sensitivity analysis was performed for the main outcome, replacing missing data for 6MWD relative variation by 0. All analyses were performed in an intent-to-treat basis. To identify characteristics of subjects with the highest improvement in 6MWD, the exercisers belonging to the upper tertile of 6MWD improvement (≥46.3%) were compared to the other participants using logistic regression models. Significance was set at p<0.05. All analyses were performed with Statistical Analysis System (SAS) Enterprise Guide, version 4.3 (SAS Institute, Cary, NC, USA).
Results
Participants flow
Among 580 women encountered during the public meetings, 219 women met the inclusion criteria and 121 agreed to participate in the study. Women were then randomized between exercise and control groups ( Figure 1 ). 
Baseline data
Characteristics of women in both groups were comparable, except for body weight and BMI which were lower in the exercisers (Table 1) . At baseline, all exercisers and controls were under the 6MWD age-matched norm (-23.1% and -22.5 % on average, respectively).
Main outcome
Over the 6-month follow-up, 6MWD increased more significantly in exercisers than in controls (mean increase of 41.5% vs 11%, respectively; p<0.0001)( Table 2 ). All exercisers but one (98.0%) improved their 6MWD over the 6-month intervention program vs 35 (74.5%) in the control group (p=0.0006). After the 6-month program, 38 exercisers (74.5%) had a 6MWD over the age-matched norm vs 5 (10.6%) in the control group (p<0.0001).
Secondary outcomes
BMI and body composition (fat mass, lean mass) did not change over the 6-month follow-up in either group. Compared to baseline, daily physical activity increased in both groups [+48.1% on average in 36 exercisers (p=0.12) vs +53% on average in 35 controls; p<0.001)], with a comparable magnitude (p=0.26). Exercisers with the highest tertile of 6MWD improvement (>46%) were those with baseline lowest values of 6MWD (p=0.001) and grip strength (p=0.054), lowest mean heart rate recorded during the four first sessions (p=0.004), and highest values of BMI (p<0.01). 
Tolerance and attendance
No adverse events (including falls) were reported as a result of the exercise intervention and attendance rate (sessions attended per absolute number of supervised sessions) was 92%.
Discussion
The main result of this study is that sedentary women aged 60 years or older who exercise for 100 to 150 min per week for six months at a mean intensity of 75% maximum heart rate improve their 6MWD by a mean of 41.5%, without any significant adverse effects. Improvement is greater in those with higher BMI and lowest walking endurance at baseline.
Few randomized studies have assessed the effects of brisk walking programs on exercise tolerance in subjects aged 60 or older (20) (21) (22) (23) (24) (25) (26) . In most studies, samples comprised less than 20 participants, daily physical activity before and after the program was not assessed, and walking program intensity, type (i.e. using treadmill or not), duration, and attrition rate varied strongly between studies, explaining at least in part why change in physical fitness in exercisers was variable in these studies (0 to +14%). The strengths of the present randomized study are its relatively large sample size and long duration, continuous monitoring during supervised sessions of heart rate, intensity and duration of exercises, measurement of daily physical activities before and after the program, and the small drop-out rate.
In the present study, improvement in walking endurance was significantly higher in brisk walking exercisers than in controls (+45% vs +11%, respectively), whereas improvement in daily physical activities was comparable. This result supports the hypothesis that the brisk walking program itself is effective in improving exercise tolerance, independently of changes in habits induced by the program.
The significant increase in 6MWD (+11%) found after 6-month follow-up in the control group, in whom physical activity was allowed freely, is possibly in part explained by the significant increase in physical activity (assessed by PAQE), that was comparable with that observed in exercisers. This finding tends to confirm that in women sufficiently concerned by their sedentary lifestyle to attend a public information meeting, education about physical activities and health benefits can induce a change in habits that can be associated with an increase in physical activities and walking endurance (27) .
There is no gold standard method for assessing daily life physical activity. Questionnaires such as the PAQE reflects reported time periods engaged in specific behaviours whereas direct methods, including accelerometers, quantify acceleration resulting from bodily movement at a fixed point of the body. If both methods have advantages and limitations, the present results must be interpreted cautiously considering that physical activity is generally overestimated and sitting time generally underestimated by questionnaires when compared to physical activity trackers (28) .
The high adherence rate during supervised sessions observed in exercisers (92%) is comparable to that reported previously for brisk walking programs conducted in younger participants (11) . While the absence of injury will have contributed to the high adherence rate in this study, the progressive training programme, tailored to each woman according to individual performance, and conducted by committed and experienced instructors to promote safety would also have been major factors as suggested earlier (29) . Like in other studies, progression of the exercises, indicated by the number of meters walked for each session, was delivered in the intervention group to improve performance feedback and promote motivation (30, 31) . Supervised exercise sessions were delivered in small groups to promote health contacts and unsupervised sessions were self-monitored to promote active choice (30) . Physical activity took place outdoors, in a city park, i.e. a natural and safe environment, easily accessible and very walkable and we allowed subjects choice in whether to perform the unsupervised walking in one or multiple bouts of exercise and replace supervised by unsupervised session during holiday time (31) (32) (33) . These parameters have also possibly contributed to the high adherence to the program (10) .
In the present study, as in some other randomized trials conducted in women of different age groups in whom caloric intake was allowed freely, the brisk walking program was not associated with a significant decrease in body weight, body fat or body lean mass (20, 21, 26, 34, 35) . It is possible that the increase in energy expended during the program may be of insufficient magnitude to promote weight loss in our sample of non-obese women or may have been counterbalanced by an increase in food intake in response to the increased energy expenditure.
Aerobic fitness has been shown previously to increase in a dose-response manner related to intensity, frequency, adherence, and duration of exercise (6, 7, 10) . In the present study, in which intensity, frequency, and duration were controlled and in which adherence was high, the main factors associated with walking endurance improvement were low baseline functional status and high BMI, suggesting that the most deconditioned participants are the ones with the greatest opportunity for walking endurance change. This result suggests also a possible ceiling effect for participants who were able to exercise close to 80% of their maximal heart rate at the beginning of the program. Taken together, our results supports the idea that brisk walking may be an appealing method to increase walking endurance in sedentary and physically deconditioned women, especially when slightly overweight. Some limitations of the present study deserve attention. Duration and intensity of exercises during unsupervised sessions was not recorded in order to evaluate participants who were exercising to levels proposed by the FFEPGV for their brisk walking programs. Women entered into the study represent a healthy group, sufficiently health-conscious to attend public information meetings, and therefore may have been more motivated to change and more concerned by their sedentary lifestyle than the overall population of postmenopausal women (27) . Although this sample bias may explain in part the high adherence of women to the program and therefore its optimal effect (10), we think it is realistic to consider that our data can be extended to the overall population of sedentary and physically deconditioned postmenopausal women ready to adhere to brisk walking programs and who are prepared to make the necessary changes. Exercise tolerance was measured using the 6MWD (distance covered by a subject who walks as quickly as she or he can in a period of 6 min). Even if most participants do not achieve maximal exercise during the walking test, the 6MWD is strongly related to directlymeasured maximal oxygen consumption and is considered as a practical and ecological indicator of exercise tolerance or physical fitness in adult and older subjects (18, 19) . In the present analysis, we did not include other markers of physical performance such as muscle strength and other factors such as housing environment (36, 37) . The assessment of exercise tolerance via the 6MW test probably contributed to more participants completing the program when compared to studies using a maximal-graded treadmill test (29) . A learning effect may have inflated the post-intervention 6MWD in both groups (38) . As recommended, 3 walks have been performed at the beginning of the research study and 3 additional walks have been performed at the end of the 6-month intervention period without any intermediary measurements to minimize this effect (38) .
To conclude, our findings lend support to current federal guidelines that endorse brisk walking as a moderateintensity exercise which is safe, achievable, and feasible for the majority of the population of women aged 60 or older. These results support the recommendation that deconditioned postmenopausal women, especially those with high BMI, should be encouraged to participate in brisk walking programs to improve their walking endurance in order to prevent chronic disease and maintain independence.
Key points
• This study aimed to examine if a 6-month brisk walking program can improve walking endurance in sedentary and physically deconditioned women aged 60 years or older.
• Three sessions of 50 minutes of brisk walking per week over 6 months improved exercise tolerance by 45% on average.
• The exercise tolerance improvement was the highest in women with the lowest physical performance and the highest BMI at baseline.
